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In this letter we update our predictions for the photoproduction of vector mesons in coherent pp 
and AA collisions at RHIC and LHC energies using the color dipole approach and the Color Glass 
Condensate (CGC) formalism. In particular, we present our predictions for the first run of the LHC 
at half energy and for the rapidity dependence of the ratio between the J/$ and p cross sections at 
RHIC energies. 
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The Large Hadron Collider (LHC) at CERN started 
nineteen months ago. During this period a large amount 
of data have been collected considering pp collisions at 
y/s = 0.9, 2.36 and 7 TeV as well as PbPb collisions at 
\/s = 2.76 TeV. Currently, there is a great expectation 
that LHC will discover the Higgs boson and whatever 
new physics beyond the Standard Model that may ac- 
company it, such as supersymmetry or extra dimensions 
However, we should remember that LHC opens a 
new kinematical regime at high energy, where several 
questions related to the description of the high-energy 
regime of the Quantum Chromodynamics (QCD) remain 
without satisfactory answers (For recent reviews see Ref. 
0). In recent years we have proposed the analysis of 
coherent collisions in hadronic interactions as an alter- 
native way to study the QCD dynamics at high energies 
[34IH- The basic idea in coherent hadronic collisions is 
that the total cross section for a given process can be 
factorized in terms of the equivalent flux of photons into 
the hadron projectile and the photon-photon or photon- 
target production cross section. The main advantage of 
using colliding hadrons and nuclear beams for studying 
photon induced interactions is the high equivalent pho- 
ton energies and luminosities that can be achieved at 
existing and future accelerators (For recent reviews see 
Ref. [l2[). Consequently, studies of jp(A) interactions 
at the LHC could provide valuable information on the 
QCD dynamics at high energies. 

Our goal in this letter is to furnish an update of our 
predictions for the vector meson production in coherent 
pp and AA collisions which can be used in the current 
and future analysis of the experimental data from RHIC 
and LHC. In particular, we will update the Refs. [9l [Toj. 
where we have studied the J/^l, T and p production at 
RHIC and for the full energies of the LHC. Moreover, 
for the first time, we will present our predictions for the 
rapidity dependence of the ratio between the J/\D r and p 
cross sections at RHIC energies, which is currently under 
analysis by the STAR collaboration. Before presenting 
our results, in what follows we will introduce a very brief 
explanation about the models used in our calculations 



and refer to the Refs. 0, [nj for more complete details. 

Lets consider the hadron-hadron interaction at large 
impact parameter (b > 2Rh, where Rh is the hadron ra- 
dius) and at ultra relativistic energies. In this regime 
we expect the electromagnetic interaction to be domi- 
nant. In heavy ion colliders, the heavy nuclei give rise to 
strong electromagnetic fields due to the coherent action 
of all protons in the nucleus, which can interact with each 
other. In a similar way, it also occurs when considering 
ultra relativistic protons in pp(p) colliders. The cross 
section for the photoproduction of a vector meson V in 
a coherent hadron-hadron collision is given by, 



a(hh -> V7i) = 2 J duj J 
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, is the equivalent photon flux, % 
differential cross section for the process (7/1 — !• Vh), 
Umin = M^/Aj L m p , W* h = 2w v / <S'nn and V#nn is the 
c.m.s energy of the hadron-hadron system. Considering 
the requirement that photoproduction is not accompa- 
nied by hadronic interaction (ultra-peripheral collision) 
an analytic approximation for the equivalent photon flux 
of a nuclei can be calculated, which is given by [12| 
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where uj is the photon energy, 7^ is the Lorentz boost of 
a single beam and rj = tub/jr,; K (r/) and K\(t}) are the 
modified Bessel functions. Moreover, 77 = uj (2.Rh)/jL 
and U(fj) = K\ (fj) — Kq (fj). On the other hand, for 
proton-proton interactions, we assume that the photon 
spectrum is given by [Uj], 
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and 



with the notation fi = \ (0.71 GeV )/Q% 

Qmin = ^IWl (1 - 2cj/VS]^)} « W7l) 2 . The fac- 
tor two in Eq. ([T]) takes into account the fact that the 



hadron can act as both target and photon emitter. The 
experimental separation for such events is relatively easy, 
as photon emission is coherent over the hadron and the 
photon is colorless we expect the events to be character- 
ized by intact recoiled hadron (tagged hadron) and a two 
rapidity gap pattern (For a detailed discussion see [13]). 

We describe the vector meson production in the color 
dipole frame, in which most of the energy is carried by the 
hadron, while the photon has just enough energy to disso- 
ciate into a quark- antiquark pair before the scattering. In 
this representation the probing projectile fluctuates into 
a quark-antiquark pair (a dipole) with transverse sepa- 
ration r long after the interaction, which then scatters 
off the hadron [14j. In the dipole picture the amplitude 
for production of a vector meson V is given by (See e.g. 
Refs. [HE!) 
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FIG. 1: (Color online) Predictions for the rapidity distribu- 
(x r A) (4) ^ion °f an d f photoproduction in pp collisions at LHC 
lK ' ' JA ' ( v / 5=7TeV). 



where (^ v *^)t,l denotes the overlap of the photon and 
vector meson wave functions. The variable z (1 — z) is 
the longitudinal momentum fractions of the quark (anti- 
quark) , A denotes the transverse momentum lost by the 
outgoing hadron (t = —A 2 ) and x is the Bjorken vari- 
able. Moreover, A q q is the elementary elastic amplitude 
for the scattering of a dipole of size r on the target. It 
is directly related to scattering amplitude Af(x, r, b) and 
consequently to the QCD dynamics (see below). One has 
that fll 



equation in the rapidity y = ln(l/x). As in Refs. [tl [l(| 
we will assume that in the case of photon-nucleus inter- 
actions the scattering amplitude is given by [2l| 



A q q(x,r,A) = 
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where b is the transverse distance from the center of the 
target to one of the qq pair of the dipole. Consequently, 
one can express the amplitude for the exclusive produc- 
tion of a vector meson as follows 
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where the factor — z)r].A in the exponential arises 
when one takes into account non-forward corrections to 
the wave functions [lT} ■ Finally, the differential cross 
section for exclusive vector meson production is given by 



d<r T:J 
dt 



1 



V h) = ^-\A%r vh {xM 2 ; 



where /3 is the ratio of real to imaginary parts of the scat- 
tering amplitude. For the case of heavy mesons, skewness 
corrections are quite important and the y a re also taken 
into account. (For details, see Refs. [TBI. ll6l]L 

The scattering amplitude J\f(x,r,b) contains all in- 
formation about the target and the strong interaction 
physics. In the Color Glass Condensate (CGC) formal- 
ism [l8l - l2C| , it encodes all the information about the non- 
linear and quantum effects in the hadron wave function. 
It can be obtained by solving an appropriate evolution 



Af(x, r, b) = < 1 — exp 
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where Ta(&) is the nuclear profile function (obtained from 
a 3-parameter Fermi distribution for the nuclear density) 
and the dipole-nucleon cross section is taken from the 
Iancu, Itakura and Munier (IIM) model [22} . 

In the case of photon-proton interactions we will use 
the non-forward saturation model of Ref. [23| (hereafter 
MPS model), which captures the main features of the 
dependence on energy, virtual photon virtuality and mo- 
mentum transfer t and describes quite well the HERA 
data [lij]. In the MPS model, the elementary elastic am- 
plitude for dipole interaction is given by, 

Aqq(x,r,A) =a e- B|t| AA(rQ sat (x,|i|),x), (8) 

with the asymptotic behaviors Q 2 at (a;, A) 
max(QQ, A 2 ) exp[— Aln(x)]. Specifically, the t 
pendence of the saturation scale is parametrised as 
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in order to interpolate smoothly between the small and 
intermediate transfer regions. For the parameter B we 
use the value B = 3.754 GeV" 2 [23]. Finally, the scal- 
ing function Af is obtained from the forward saturation 
model [H|]. 

Lets calculate the rapidity distribution and total cross 
section for the J/S& and T photoproduction in coher- 
ent pp collisions. The distribution on rapidity Y of the 
produced final state can be directly computed from Eq. 
(fTj), by using its relation with the photon energy w, i.e. 
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FIG. 2: (Color online) Predictions for the rapidity distribution of p and J/ty photoproduction in AuAu collisions at RHIC (left 
panel) and for the dependence on the rapidity for the ratio between the J/9 and p cross sections (right panel). 




FIG. 3: (Color online) Predictions for the rapidity distribu- 
tion of p and J/9 photoproduction in PbPb collisions at LHC. 



Y oc In (2a; /My). Explicitly, the rapidity distribution is 
written down as, 
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where ® represents the presence of a rapidity gap. Con- 
sequently, given the photon flux, the rapidity distribution 
is thus a direct measure of the photoproduction cross sec- 
tion for a given energy. 

In Fig. [1] we present our predictions for pp collisions 
at y/s — 7 TeV. The results are shown for the full ra- 
pidity range. The rapidity distribution at LHC probes 
a large interval of photon-proton center of mass energy 
since W^ h ~ My \/s exp(±F), which corresponds to very 
small x ~ My e~ Y / 'y/s. Therefore, its experimental anal- 
ysis can be useful to determine the QCD dynamics. As a 



reference, one has at central rapidity j^-(y = 0) ~ 6.5 nb 
(18 pb) for J/9 (T). In Table|T]we present our estimates 
for the integrated cross sections and production rates as- 
suming the design luminosity £lhc = mb _1 s _1 . In 
comparison with previous results presented in Q our pre- 
dictions at yfs = 7 TeV are almost a factor 2 (4) smaller 
than those obtained for J/\P (T) production at the full 
LHC energy. The difference between the factors for J /9 
and T production is directly associated to the distinct 
energy dependence predicted by the saturation physics, 
which implies larger effects in the J/\& production. 

In Fig. [2] and Table U we present our estimates for 
the p and J/\& production in ultraperipheral heavy ion 
collisions at RHIC. We assume £rhic = 0.4 mb _1 s _1 . 
The results for p production are consistent with those 
presented in Ref. In the case of J/\& production 

is the first time that we present the predictions using 
the IIM model [22| as input in the calculations of the 
dipole - nucleus cross section. In comparison with the 
results presented in Ref. where the GBW model [25[ 
was used as input of the calculations, our predictions 
are w 10 % larger, which is directly associated to the 
difference between the description of the linear regime 
proposed by these two models. In the right panel of the 
Fig. [5] we present our prediction for the dependence on 
the rapidity for the ratio between the J/\& and p cross 
sections. This observable is currently under analysis by 
the STAR collaboration [26j . We are considering here the 
case without mutual nuclear excitation. The correction 
factor for meson production accompanied by mutual ex- 
citation is rather rapidity dependent and gives an overall 
suppression of 1/10 in the integrated cross sections (al- 
most the same for light and heavy mesons) [27} . In the 
case presented here, the ratio J/^/p should have small 
sensitivity to those corrections and gives at central rapid- 
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Meson | RHIC (AuAu) \ LHC (PbPb) \ LHC (pp) 
p [ 609.7 mb (256.0) 1 4276 mb (1796.0) I — 
J/9 0.51 mb (0.20) 20 mb (8.40) 63.70 nb (637.0) 
T — — 0.18 nb (1.80) 



TABLE I: The integrated cross section (events rate/second) 
for vector meson photoproduction in pp and AA collisions at 
RHIC and LHC energies. 

ity iS^l/ M^M ~ 1.2 x 10 3 . This is consistent with 

J ay 1 ay 

the ratio between the normalizations of the cross sections 
for vector meson production, which are proportional to 
(M$r/ml)r(V -> e + e~)W 4Xv , where \ v is the effective 
energy power for each vector meson and m q is the rele- 
vant quark mass. 

Finally, in Fig. [3] and Table U we present our predic- 
tions for the rapidity distribution of p and J/9 photo- 
production in PbPb collisions in the first heavy ion run of 
the LHC (*Js = 2.76 TcV). We assume the design lumi- 
nosity ££J^, b = 0.42 mb _1 s _1 . In comparison with the 
previous results [H, [13] , our predictions for p production 
are a factor 1.4 smaller than those obtained for the full 



LHC energy. In the J/9 case, our predictions are smaller 
by a factor about two. These differences are associated 
to the distinct contribution of the saturation effects for 
the J/9 and p production, which affects the energy de- 
pendence of the cross sections. As a reference, one has at 
central rapidity = 0) ~ 470 mb (3.8 mb) for meson 
p(J/9). 

As a summary, in this letter we updated our predic- 
tions for the vector meson production in coherent inter- 
actions at RHIC and LHC. In particular, we furnished 
the predictions for the center-of-mass energies of the first 
runs of the LHC. Moreover, we present our predictions 
for the dependence on the rapidity for the ratio between 
the J/9 and p cross sections, which is currently under 
analysis. Our results demonstrate that the production 
rates are large at LHC, which implies the experimental 
study of this process is feasible. 
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